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THE ROLE OF DOSIMETRY IN HIGH QUALITY RESEARCH ON EMF AND
HEALTH AND RELATED RISK ASSESSMENT

P. Ravazzani

Istituto di Ingegneria Biomedica ISIB, Consiglio Nazionale delle Ricerche, Milano, Italy

EMF-NET is a Coordination Action established by the European Commission in the 6th Framework
Programme (further information at: http://emf-net.isib.cnr.it), that aims to provide a framework for the
coordination and the interpretation of the results of the research activities related to the biological
effects of electromagnetic fields (EMF). The main objectives of EMF-NET can be summarized as follows:
e Provide a framework for the co-ordination, the interpretation and the dissemination of the results
of the ongoing research activities
e Provide policy relevant interpretation/advice for the facilitation of policy development options by
the EU (and other bodies)
e Support informed decision-making by health and environmental authorities, industry and
consumer associations as well as individuals.
e Support informed decision-making for regulation and risk communication and risk perception
e Provide an inventory of all the ongoing research in the field. Identify research priorities and
needs.
e Provide European Commission and other bodies appropriate information for policy making.
The EMF-NET Consortium involves more than 40 participants, including all the coordinators of the EC
(FP5) on-going projects, representatives of research projects at European national level (Finland,
France, Germany, Greece, Hungary, Italy, UK), and representatives of other EC and international
activities, such as EC COST ACTION 281 and the WHO EMF project, associations of industries and
manufactures, trade union associations, regulatory bodies and scientific associations.
Aims of this paper is to provide an overview on EMF-NET activities in the definition of recommendations
on engineering requirements aspects for experimental research and on quality assurance in
Bioelectromagnetics. This activity recently resulted in the organization of the International Workshop
“EMF Health Risk Research: Lessons Learned and Recommendations for the Future”, called by EMF-NET,
the Swiss Agency for the Environment, Forests and Landscape (BUWAL) and the Swiss Federal Office of
Public Health (BAG) and in an EMF-NET interpretation report, prepared by EMF-NET Main Task 3
Improvement of specific common aspects of the research on EMF and health, chaired by Theodoros
Samaras (see at http://emf-net.isib.cnr.it).

The role of dosimetry in high quality research on EMF and health is strictly linked to the technical and
engineering characteristics of the research in bioelectromagnetics. As a matter of fact, many published
studies suffer from inappropriate engineering implementations and a lack of dosimetric information. To
address this issue, the basic engineering and dosimetric requirements to conduct scientifically sound
EMF experiments investigating biological effects and/or health responses should be defined. That was
one of the main goals of the International Workshop on “"EMF Health Risk Research: Lessons Learned
and Recommendations for the Future”, mentioned above, that was held in Monte Verita on November
21-24, 2005. In the course of the Workshop, the minimal requirements regarding specific setups for the
various research fields (in vitro, animal, human exposure and epidemiologic studies) were explored, and
the main outcomes on this issue were as follows (Samaras et al., 2006):

e Since effects are expected to be small, the likelihood of evoking effects should be maximized,
i.e., maximum exposure levels close to the thermal threshold, uniform tissue exposure, optimized
modulation, minimization of the biological noise level and of artefacts possibly introduced by the
setup without RF should be adopted. The latter should be verified by sham-sham experiments.

e The exposure system or setup must be designed to enable the intended experiments according
to a standard protocol, meeting all dosimetric needs and avoiding any EMI/EMC issues. Since
protocols differ from endpoint to endpoint, setups cannot be standardised.
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e Blinding of the exposure is desirable for any setup but it is mandatory for human provocation
studies. Regarding in vitro and in vivo experiments at least the evaluation should be blinded.

e True sham exposure is mandatory. Incubator controls for in vitro experiments and positive
controls will depend on the experiment.

e In general, close collaboration between biological/medical and engineering parties is required
throughout the design phase of exposure setups.

e The dosimetry characterisation of the exposure should include the distribution of the induced
electric field or SAR as well as that of the magnetic field in space and time, including an
experimental worst-case evaluation of temperature increase within samples. If the increase is not
negligibly small from a biological point of view, arrangements for temperature control must be
provided in the setup. The minimal requirements regarding SAR information should include the
average value in the exposed volume (whole-body exposure vs. local exposure for in vivo
experiments), spatial peak values averaged over appropriate masses, organ peak and average
values for all tissues/cells exposed (whole-body and spatial peak values are only sufficient if
global thermoregulatory responses are investigated). When micro-dosimetric information is of
interest, a two-step procedure is appropriate, i.e., 1) characterization of the field distribution at
the macroscopic level (macrodosimetry) from which 2) microdosimetry data can be derived.

e An important part of dosimetry is the analysis of uncertainty and variation. Uncertainty describes
the uncertainty of the determined mean value of the exposure distribution (e.g., uncertainty of
measurements and numerical tools, inappropriate average animal model, dielectric parameters of
tissue and setup components, secondary coupling effects, etc.). Variation describes the variations
from the mean as a function of changes during the exposure (e.g., position within the exposure
system, anatomy of animals/humans (size, weight, etc.) or amount of medium, posture,
variations of dielectric parameters between samples, animals and setup, amplifier drifts, etc.).
Uncertainties and variations should be provided for whole-body, spatial peak as well as tissue-
specific SAR values, H-field and temperature increases (if not demonstrated to be negligible).

e Dosimetry should be based mainly on numerical dosimetry. Numerical dosimetry must be verified
by experimental measurements, the agreement between which must be within the combined
uncertainty of both techniques. Numerical dosimetry also constitutes an essential part in the
development and optimization of exposure setups.

e Basic procedures to obtain minimal dosimetric data as described in the literature are considered
to be sufficient for most exposure setups. More guidelines are needed to address large scale in
vivo studies.

e The current, commercially available numerical tools are sufficient for dosimetric studies. Since
most dosimetric evaluations involve greatly non-homogenous structures, FDTD was defined as
the most suitable technique (FIT is considered to be equivalent). Other methods, e.g., FEM, are
also appropriate if the required discretisation can be obtained.

e The current, commercially available experimental and dosimetric tools are sufficient for the
characterization of the exposure setup and the validation of numerical dosimetry.

e Animal and human models with enhanced resolutions have become available. Nevertheless,
models still pose the largest limitations for dosimetry and therefore enhancements should be of
top priority, such as improved animal models or the generation of a “virtual family”.

e Shortcomings have been identified regarding sound procedures and equipment for exposure
assessments in epidemiological studies of the general population. Substantial progress has been
made in the last years, especially regarding dosimeters and the estimation of exposure from
handsets. The assessment of low-level in situ exposure is more difficult and a consensus about
suitable techniques could not be found, regarding, in particular, how to combine SAR with time,
and how to combine different exposure sources.

e In general, retrospective dosimetry is difficult to conduct and aggravates the difficulty of
evaluating past studies with insufficient dosimetric data.

Acknowledgements
This paper is supported by the Coordination Action "EMF-NET Effects of the Exposure to Electromagnetic
Fields: From Science to Public Health and Safer Workplace”, European Commission FP6, Thematic

International seminar on The Role of Dosimetry in High-Quality EMF Risk Assessment
Ljubljana, Slovenia September, 13 2006; Zagreb, Croatia September 14 — 15 2006



8

Priority 8, Policy support and anticipating scientific and technological needs, Contract N° SSPE-CT-2004-
502173 (2004-2008).

References
1. Samaras T, Kuster N, Negovetic S., 2006, Recommendations on Engineering
requirements/aspects for experimental research in Bioelectromagnetics and Recommendations
on quality assurance in Bioelectromagnetics research, EC FP6 Coordination Action EMF-NET,
Deliverables D36 and D37 - (http://emf-net.isib.cnr.it/)

International seminar on The Role of Dosimetry in High-Quality EMF Risk Assessment
Ljubljana, Slovenia September, 13 2006; Zagreb, Croatia September 14 — 15 2006



OVERVIEW OF LEGAL ASPECTS AND INTERNATIONAL
STANDARDISATION FOR EMF

Philip Chadwick
Chair CENELEC TC106X, MCL, Newbury, UK, phil.chadwick@mcluk.org.

Introduction

This paper describes the way in which EMF assessment standards are integrated into a legally-binding
framework throughout the European Union. This framework links the ICNIRP exposure guidelines for the
general public and for workers(1), the technical measurement standards produced by CENELEC and IEC
and a range of European Directives.

The general public
All products which are sold or “put on the market” in the EU have to be safe. Apart from those products
that have their own specific Directives, such as Automotive or medical Devices, equipment that emits
electromagnetic fields must comply with the requirements of either the Low Voltage Directive (LVD) or
Radio Telecommunications Terminal Equipment (RTTE) Directive. Between them these two Directives
cover the majority of devices used or accessed by the general public. They require that the EM
emissions from these products are “safe”, but they do not themselves set limits on EM emissions or
specify what “safe”actually means. That is where CENELEC has a role.
CENELEC - the European Electrotechnical Standardisation Committee — sets standards on a wide range
of technical device and system performance parameters. Technical Committee 106X writes standards for
EMF emissions from products, under a mandate from the European Commission. Commission Mandate
M/305 instructs CENELEC to produce emission standards for devices. Specifically:

The compliance of a product with the emission limits given in the

harmonised standards asked for in this mandate, will ensure that the

measured EMF exposure of the human body originating from this apparatus,

will not under normal use exceed the limits given in the Council

Recommendation.
So Mandate M/305 links CENELEC product standards to the levels in the 1999 EU Recommendation on
public exposures to EMF. The levels in the Recommendation are based on the advice of ICNIRP.

Dosimetric basis of product assessment standards

The philosophical basis of product EMF standards reflects the structure of the ICNIRP guidelines. The
underlying principle is to show compliance with the basic restrictions of ICNIRP, and some assessment
standards require that this is done directly, for example the IEC and CENELEC standards for mobile
phones. For these devices, SAR is measured directly. For other products it is very difficult to assess
compliance with the basic restrictions directly and instead the reference levels are used — for example
the standards for putting base stations into service and for the assessment of domestic appliances. In
general though, the approach of product standards is to use the reference levels first, and only if these
are not met to assess compliance with the basic restrictions. An example would be the CENELEC
standard for radiofrequency identification (RFID) devices. This standard encourages the use of reference
levels, but allows computational modelling to assess SAR or induced current density if the reference
levels are not met.

There are also Generic and Basic product standards which fully employ the ICNIRP structure of
reference levels and basic restrictions.

Specific examples of the dosimetric approaches used in these CENELEC standards will be described, and
in particular how SAR is measured in mobile phone standards, how field strength values can be use to
determine compliance with basic restrictions even when reference levels are exceeded — for example in
the RFID standards — under certain very specific conditions. Finally, the scope and extent of
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computational modelling will be discussed with specific reference to standards that allow it, such as the
domestic appliances standard.

Workers

The Occupational EMF Directive (3) was published in April 2004, with a requirement that it be
implemented in national legislation within four years. The EMF Directive applies only to workers, and it is
important to realise that it is the workers themselves to which it applies, not the processes or equipment
that they use.

The limits in the Directives are threshold quantities. That means that as long as exposures do not
exceed them, the Directive does not require an employer to restrict exposure further.

The EMF Directive requires that employers undertake risk/exposure assessments using CENELEC
standards: CENELEC now has a new mandate, Mandate M/351, from the Commission to develop these
standards. CENELEC Technical Committee 106X is leading the work programme under this mandate and
its standards will be listed in/under the Directive.

There will be one “umbrella” standard listed in/under the Directive, and this will give the overview of
how an employer should carry out a risk assessment. It will explain the need to identify sources of
exposure, where to find information and how to approach an assessment. Any detailed assessment
procedures will be called up from existing standards for the assessment of exposures or emissions from
particular technologies; where necessary, dedicated new assessment standards will be written.

As well as the existing CENELEC and/or IEC product standards for mobile phones, base stations, RFID
and low-power devices, the Directive will call up new standards covering industrial heating( Induction
heating and dielectric heating), welding, trains, broadcast (high power TV and radio transmission, radio
microphones, video links etc) and effects on active implanted medical devices.

References
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KEY GAPS, CHALLENGES AND RESEARCH NEEDS IN DOSIMETRY

Dr Mike Repacholi

Former Coordinator, Radiation and Environmental Health Unit, World Health Organization, Geneva
mrepacholi@yahoo.com

Introduction

Since the International EMF Project commenced at WHO in 1996, dosimetry was promoted as being as
important as the research into biological and health effects of EMF exposure. When compiling its EMF
research agendas, dosimetry is always given as an overarching topic; without good dosimetry the quality
of the research is considered sub-standard and the results considered as preliminary until the study is
replicated with adequate dosimetry.

Accurate dosimetry is especially necessary when EMF exposure is found to produce adverse
consequences to health at levels below existing guideline levels. Without a good knowledge of the dose
producing the effect the exposure limits on which they could be based will be less precise. This would
then result in larger safety factors in the exposure limits to compensate for this lack of precision in the
dosimetry. When one considers the vast improvement in dosimetry over the past decade, studies
conducted prior to this time must be viewed with suspicion as effects found could have been due to
artefacts or imprecision in the exposure system such as hot-spots in a supposedly uniform field.

Fortunately the encouragement by WHO towards multidisciplinary research teams has meant that
dosimetry specialists are included in good studies, or at least such specialists are contracted to oversight
the exposure system. This has led to greatly improved dosimetry and more reliable results.

The current dosimetry research needs to improve to improve the health risk assessment process are
discussed below drawing from the WHO research agendas (see: www.who.int/emf).

Radiofrequency fields

With the rapid advances in technology, research is needed to document changing patterns of wireless
communication usage and exposure to different parts of the body (especially for children and foetuses),
including multiple exposure from several sources. Experimental exposure conditions should be based on
information gathered from exposure surveys (in contrast to simple source evaluations), especially for
children. Little information exists on individuals' exposure in the general population which makes it
problematic to estimate the exposure from all radio frequency emitting sources. Communication devices
used in close proximity to the body are becoming popular including among children and pregnant
women; however dosimetry of different parts of the body in each organ is still limited.

Further work is needed on dosimetric models of children of different ages and of pregnant women. The
relationship between SAR and temperature elevation should be better modelled to predict potential
hazards associated with specific RF exposure conditions and improve the quality of the exposure
systems.

Micro-dosimetry research (i.e., at the cellular or subcellular levels) is needed that may yield new insights
concerning biologically relevant targets of RF exposure. Little is known about the field distribution at the
micro-scale or the consequences of non-uniformity of fields on sub-cellular structures and molecules in
terms of mechanisms of interaction.

Extremely low frequency fields

There is a need for further computational dosimetry relating external EMFs to internal electric fields,
particularly from combined electric and magnetic fields in different configurations. Previously most
laboratory research was based on induced electric currents in the body as a basic metric. More recently
work has commenced to explore the relationship between external exposure and induced electric fields.
For a better understanding of biological effects and for the development of exposure guidelines, more
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data on internal electric fields under different exposure conditions are needed. This is also needed to
assess basic restriction compliance issues.

Calculation of induced electric fields in pregnant women and in the foetus is urgently needed. Very little
computation has been carried out on advanced models of the pregnant human and the foetus with
appropriate anatomical modelling. It is important to assess possible enhanced induction of electric fields
during foetal life in relation to the childhood leukaemia issue.

There is a need to further refine microdosimetric models to take into account the cellular architecture of
neural networks and other complex sub-organ systems identified as being more sensitive to induced
electric field effects. This modelling needs to take into account influences in cell membrane electrical
potentials and on the release of neurotransmitters.

Static magnetic fields

WHO recently sent a request to the European Commission to consider in the 7th Framework program
research on the possible health effects of exposure to static magnetic fields as the WHO Task Group on
Static Fields considered current information inadequate to conduct health risk assessments at fields
above about 2 T. The following dosimetry research requests were sent to the EC:

There are fine resolution, anatomically realistic, voxel phantoms of adult men available that have been
widely used in studies with time-varying electromagnetic fields but very little work has been done with
static fields. Further work on the use of different sized phantoms, and the use of female phantoms, is
considered important, as is the use of pregnant phantoms with fetuses of differing ages. Similar studies
could be performed with phantoms of pregnant animals to aid the interpretation of the results of
developmental studies with these models.

A fine resolution head-and-shoulder phantom should be developed and used to investigate the electric
fields and currents associated with visual phosphenes and vertigo. This model could also be used to
investigate the fields and currents generated by head and eye movements in strong static magnetic
fields. The latter is considered of particular relevance to interventional MRI procedures where reduced
head movements of surgeons and other clinical staff may necessitate increased movement of the eyes.
Gross body movement by staff around the interventional system should also be simulated.

Computations using a detailed model of the heart and modelling of common cardiac pathologies are
considered important. This model should include the micro-architecture of the heart as well as the
smaller blood vessels within the heart that might produce fields and currents that could have some
influence on pacemaker rhythm generation and the propagation of depolarisation. In addition,
calculations are necessary to estimate the magnitude and spatial distribution of currents that are
induced in the heart as a consequence of field and field gradient exposure. Multiple orientations to the
field should be studied to allow comparison with the currents that have been calculated to induce
cardiac effects.

Although there is a reluctance to use high field MRI on pregnant women at present, it is acknowledged
that this situation may change. It would therefore be advisable to carry out modelling studies
investigating the currents induced in a foetus by maternal or intrinsic foetal movement in a high field.
These calculations (and similar studies with gradient and radiofrequency fields) would allow an estimate
to be made of the likelihood of possible effects on the foetus.
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EMPIRICAL VALIDATION OF SAR PREDICTED BY NUMERICAL CODE

Dr.Peter Gajsek

Institute of Non-Ionizing Radiation, Ljubljana, Slovenia

Abstract

The development of mathematical dosimetry modeling techniques and powerful computer hardware has
resulted in dosimetry modeling as a principle tool in determining EMF exposure. The results of any
anatomical model are questionable if the model has not been validated with empirical data obtained
from in vivo or in vitro experiments. Validation of the theoretical with empirical results and the
subsequent refining of a model are essential in order to earn the credibility when using these models to
establish or revise exposure standards. The increasing acceptance and use of FDTD modeling within the
EMF community make it imperative that predictions be compared, and validated against experimental
data. With the development of the Finite-Difference Time-Domain (FDTD) code, it is possible to predict
whole body and localized SAR values under a wide range of exposure conditions in phantoms and
laboratory animals, as well as humans.

Theoretical estimations clearly demonstrated that the size of an exposed object is an important
parameter in the potential formation of “cold and hot” spots. Comparison between numerical solutions
(FDTD, Mie theory) and empirical data showed good agreement in SAR distributions across the sphere
diameters. For the larger size spheres (diameter of 105 mm), the maximum heating was at the leading
edge of the sphere, whereas for the smaller sizes (diameter of 66 mm) the heating was sharply peaked
inside the sphere.

A systematic series of experiments with rats was performed to validate theoretical predictions with
empirical results on influence of orientation on regional brain and whole body SAR values. This paper
concentrated on four orientations for whole body SAR and eight for localized SAR validation (see Figure
1). Whole body SAR was also determined calorimetrically and compared to theoretical predictions
obtained by FDTD. Mutual comparison showed a good agreement in whole body SAR values and
remained within 20 % for all applied orientations. For one orientation (PKEH), the match between two
methods was even better (£ 5%).

Localized SAR values were obtained from rats implanted with temperature probe in the hypothalamus
and cortex and exposed to eight different orientations in the far field. Comparison between these data
and FDTD predictions showed a good matching among localized SAR values for both brain regions
especially for KHE orientation where the difference was within 10%. It was demonstrated that
orientation, relative to the RF source, has a profound influence on the regional SAR in both methods.
Mismatches between methods occurred, in particular, when the FDTD predicted relatively high or low
SAR in a small volume (E orientation). This could be due to confounding factors such as thermal loss or
gain from surrounding regions with dissimilar SAR values. In these cases, the extremes in localized SAR
were not reflected in the empirical data obtained by temperature measurements. Thus, high and low
FDTD predicted localized SAR values corresponded to under- or overestimation of experimentally
calculated SAR values, respectively. The PEKH and MEKH orientations provide the best example of this
situation where the ratio between FDTD and empirical data in hypothalamus was greater than a factor
of two.

Overall, the results of this validation study show a good relationship between empirical and theoretical
methods and, thus, offer a relatively high confidence in SAR predictions obtained by digital anatomical
models based on FDTD numerical code. It was clearly demonstrated that FDTD method for determining
whole body or localized SAR offers an attractive and useful supplement to laborious experimental
methods. Since it is not practical to empirically determine regional SAR for all experimental conditions of
interest, it would be expected that applications for numerical predictions of SAR would increase rapidly
in the future.
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Modeling and Analysis of the SAR and Temperature Rise

Joe Wiart & Man Fai Wong

France Telecom RD , Issy Les Moulineaux France Joe.Wiart@orange-ft.com

Introduction

The assessment, numerically or experimentally, of tissues exposure is fundamental in
bioelectromagnetism. Because of that the last ten years have seen large improvment of tools used in
numerical dosimetry. Numerical methods have been created or adapted to calculate the Specific
Absorption Rate in biological tissues. For instance many studies have been done using finite difference in
time domain (FDTD). In spite of that, efforts are still on going since the estimation of the accuracy of
any numerical assessment is still a problem due to the complexity and variability of biological tissues
and human morphology.

Modeling of SAR and Temperature Rise

The specific absorption rate (SAR) can be assessed using the Root Mean Square estimation of the
electric field (E) in the tissues, the conductivity (o) and the density (p) of the exposed structure. With
these parameters the SAR is given by the well known equation SAR = 0£,/2p . The electric field strength
in the volume can be calculated using many numerical methods. The most popular is the FDTD (Finite
Difference in Time Domain) based on discrete representation of Maxwell's equations on numeric grids
but other approaches such as the FIT (Finite Integration technique) or the FVTD (Finite Volume in Time
Domain) can also be used. The FIT uses a pair of staggered grid which can have a more general
structure as the standard "Yee cell" of usual FDTD where Electric and Magnetic fields are estimated at
different location of a cubic cell known as Yee Cell. Because of that the FDTD grid is orthogonal. The
stability of the FDTD is governed by the Courant-Friedrichs-Lewy criterion that imposes a relationship
between the spatial grid increments and the time increment. Since the computational domain is limited
by the computer memory Absorbing Boundary Conditions (ABC's) have to be applied at the limits to
avoid spurious reflections. Nowadays the Perfect Matching Layer (PML) are the most popular and
efficient ABC's. To estimate the electromagnetic field in fine heterogeneous structure (such as the inner
ear) studies have been carried out on graded mesh, conformal approach and local refinement
(subgridding). More recently studies have been carried out on Alternate Derivative Implicit (ADI) to
overshoot the stability constraint.
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Figure 1: Estimation of the SAR induced in the head of a handset user.

Using these numerical tools and adequate numerical model of the body and handset the electric field in
the tissues can be estimated and by the way the SAR assessed. The modelling of the temperature rise
has to take into account the contribution of the power deposited by RF sources (SAR) but the evolution
and the distribution of the temperature inside the living tissues are governed also by the heat-exchange
such as the heat conduction, the blood flow and the metabolism that can be modelled by the Bio Heat
Equation (BHE). The BHE is a partial differential equation that can be solved using different numerical
methods based on finite differences. Explicit Methods and Implicit Methods can be used. The
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Alternating-Direction-Implicit (ADI) method as demonstrated its efficiency in this domain and is often
used. This approach separates the operators into one-dimensional components schemes, through three
steps (for three-dimensional problems). Each step involves only the implicit operations originating from a
single coordinate. Since the computational domain is limited Absorbing Boundary have to be used, ABC
have often been used on the skin in this case evaporation, radiation and convection are matched
altogether. The main disadvantage of this approach is the impossibility to take into the influence of
object close to the skin. For instance influence of the handset itself requires more complex modelling
where evaporation, radiation and convection are taken into account and ABC's put far away.
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Figure 2 Temperature rise induced by a handset emitting no RF (left) and the RF induced alone (right)

Accuracy and Representativeness of the model.

Nowadays the numerical methods allow E field assessment with quite good accuracy, moreover the
recent developments in the use of graphic card have speed up the FDTD calculation. But it is well known
now that the accuracy of the numerical RF exposure assessment does not only depend on the numerical
methods used but also on the accuracy of the head and on the positioning of the mobile phone relative
to the body. For instance dealing with child and handset wrong head model could induce wrong
conclusion. The head of children are different from those of adult and a child head is not a small adult
head. Because of that effort have to be carried out to built a foetus model

Figure 3. example of child head at different age.

If the accuracy of the model is important the representativeness is a fundamental question.and is
nowadays the weak point of the exposure assessment. The SAR in heterogeneous adult head models is
often performed on the “Visible Human” (http://www.nlm.nih.gov/research/visible/ visible_human.html),
whose segmentation was performed by Brook’s Air Force Base in the United state. SAR calculations were
performed on three different head models derived from MRI data. Besides the visible human two other
French models were used with a handset having a patch antenna, the maximum SAR over 10 g was
calculated and compared at 900 and 1800 MHz, showing large differences between the head models. At
1800 MHz the maximum SAR over 10 g varies from 0.14 to 0.49 W/kg with a mean value of 0.34 W/kg,
and at 900 MHz the values vary from 0.61 to 1.24 W/kg with a meanvalue of 0.85 W/kg.. Dealing with
children, using morphing technique the head of different 12 years old children have been created. In this
case the difference between minimum and maximum is more than 30%. These results beg the question
of how representative any of these head models are and the approach that can be used to handle this
question.
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Figure 4 SAR over 10 g assess in different head models of a 12 y.o child.

The numerical methods used to assess the SAR or the temperature rise have reach very good accuracy
but the exposure assessment does not depend only on the numerical method. The accuracy, the
representativeness of the model, the variability of the position of the handset relatively to the body are
key questions that are future challenges.
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HOW TO DETERMINE COMPLIANCE WITH THE DIRECTIVE’'S EXPOSURE
LIMIT VALUES FOR WORKERS

Yngve Hamnerius

Signals & Systems, Chalmers University of Technology, Goteborg, Sweden

Introduction

Exposure of the human body to time varying electric and magnetic fields may potentially cause health
problems The International Commission on Non-Ionizing Radiation Protection (ICNIRP) has set
international guidelines for limiting the exposure ICNIRP (1998). Based on these guidelines the
European Union released the “Directive 2004/40/EC of the European Parliament and of the Council of 29
April 2004 on the minimum health and safety requirements regarding the exposure of workers to the
risks arising from physical agents (electromagnetic fields)”. In this directive it is stated:

“It is now considered necessary to introduce measures protecting workers from the risks associated with
electromagnetic fields, owing to their effects on the health and safety of workers. However, the long-
term effects, including possible carcinogenic effects due to exposure to time-varying electric, magnetic
and electromagnetic fields for which there is no conclusive scientific evidence establishing a causal
relationship, are not addressed in this Directive. These measures are intended not only to ensure the
health and safety of each worker on an individual basis, but also to create a minimum basis of protection
for all Community workers, in order to avoid possible distortions of competition”.

Most European member states already have some regulations for radiofrequency field but usually not for
low frequency fields. I therefore focus on the demands on low frequency electric and magnetic fields.
Exposure to time varying electric and magnetic fields result in induction of internal body current, and the
known adverse effects are associated with nerve excitation. ICNIRP’s basic restriction therefore limits
the induced current density in CNS. In the frequency range 4 Hz — 1 kHz, the limit is set at 10 mA/m?
(rms, averaged over a cross-section of 1 cm? perpendicular to the current direction) for occupational
exposure, a value not to be exceeded at any time. From this basic restriction, reference levels (RL) have
been calculated assuming a worst case scenario. For pure 50 Hz sinusoidal electric fields the RL is 10
kV/m and for magnetic fields the RL is 500 uT. However, if it can be shown that the basic restriction is
not exceeded, although the exposure level exceeds the RL, continued exposure is allowed.

Measurements

We have measured the electric field strength in 400 kV substations and found that values up to 15 kV/m
are quite common, while the magnetic fields were well below the RL. ICNIRP states “For the specific
case of occupational exposures at frequencies up to 100 kHz, the derived electric fields can be increased
by a factor of 2 under conditions in which adverse indirect effects from contact with electrically charged
conductors can be excluded.” ICNIRP has a RL for contact currents which for the frequency range 0 —
2500 Hz is 1 mA. This means that the electric field RL at 50 Hz can be increased to 20 kV/m if the
contact currents are less than 1 mA.

The work in a substation involves touching of control units of circuit breakers and disconnectors as well
as other grounded metallic objects exposed to high electrical fields. Our measurements (Cedergren
2006) show that most work in a 400 kV substation gives rise to steady state contact currents of less
than 0.2 mA, see table 1.

However when simultaneously touching a grounded object and an ungrounded metallic object such as a
vehicle, contact currents above 1 mA were measured (Cedergren 2006).
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Table 1. Measured averaged value of body potential when standing in front of a control unit of a breaker and
steadly state contact current when touching the control unit. *The asterisk indicates that this cubicle was not in use
as one can see from the lower value of the current.

Group (3 Number Average Average
breaker units voltage [V] current [uA]
in each)

BA -400-7 1-3 1860 94

ABC 4008 4-6 % 580 25
FL1585-8 7-9 1410 88
T2-400-8 10-12 1667 92
FL584-8 13-15 1583 101
T3-400-8 16-18 1953 113
FL18-8 19-21 1613 97
T400-5 22-24 1267 84

Industrial spot welding equipment can give rise to high magnetic fields at the operator’s position. Spot
welding makes use of very high currents during some tens to hundreds of milliseconds for each weld,
which may give rise to field strengths exceeding the RLs recommended by ICNIRP. Therefore,
compliance of these devices with the ICNIRP basic restrictions must be investigated.

Measurements performed on four different spot welding machines are shown in table 2. Machine A — C
are AC welders while D is of the MFDC type. The currents ranged from 15 to 76 kA. The magnetic flux
density measured at operator position (35 cm from the electrodes) where above the reference levels in
that point. This means that a more detailed investigation must be performed to see if the exposure is
within the basic restriction.

Table 2. Magnetic field as a function of frequency for different welding machines. The ratio between the measured

value and the reference value is given for each frequency and totally.
Machine | Current | Frequency | Byeasured | Brer | Ratio

(kA) (Hz) (7)) | (uT)
A 38 50| 28275000 5,65
150 130 166,7| 0,78
250 101 | 100,0 1,01
7,44
B 15 50| 1661,0500,0| 3,32

150 | 210,0 | 166,7 1,26
250 | 113,0]100,0 1,13
350 63,0 71,4] 0,88
6,59
C 31 50| 1538,0|500,0| 3,08
150 | 392,0[166,7] 2,35
250 | 160,0 | 100,0 1,60
350 66,0 71,4] 0,92

7,95
D 76 2000 57,4| 30,7 1,87
4000 30| 30,7] 0,10

6000 6,1 30,7] 0,20

8000 1,7 30,7 0,06

10000 20| 30,7 0,06

12000 1,2 30,7 0,04

2,32

Calculations

To determine if the basic restrictions are violated the induced body currents for a welder have been
calculated using the impedance method, Nadeem et al (2004). The welding current affects the body
through Biot-Savart law and Faraday’s law of induction, and the current is distributed in accordance with
Ohm’'s law.

We have used a full 3D human model with 3 mm resolution to simulate the welder. The model was
obtained from Brooks Air Force Laboratory, USA, Mason et al., (2000). The calculated current
distribution in the operator is illustrated in figure 1.

International seminar on The Role of Dosimetry in High-Quality EMF Risk Assessment
Ljubljana, Slovenia September, 13 2006; Zagreb, Croatia September 14 — 15 2006



20

J||mA/m?
ﬁl' = L —

o -]
a b

Figure 1. The induced current density in two cross sections.

Discussion
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